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As labour progressed, the concentration of nitrous oxide used showed little progressive change, whereas that for methoxyflurane fell (see&Chart). The number of changes of concentration in each 15-minute period fell with methoxyflurane, whereas there was no consistent change with nitrous oxide. With methoxyflurane the fall in concentration and the number of changes of concentration correspond with what we would expect from the relationship between the inhaled and blood concentrations.
The effects of 0 35'S/, methoxyflurane given intermittently have already been investigated (Major et al., 1967) and were similar to those demonstrated in the present trial. It was, however, more difficult to maintain the " analgesic " state with continuous nitrous oxide, and, since there is some doubt in our minds whether the best concentration of nitrous oxide is in fact 50 %, we propose to investigate whether intermittently administered nitrous oxide is as effective as when it is administered continuously.
Summary: Methoxyflurane (0 35%) in air and nitrous oxide/oxygen (50O%/50%) self-administered intermittently in the usual way have been compared as analgesics for labour. There were 25 patients in each group.
Objective assessment by an anaesthetist showed that methoxyflurane is the more effective analgesic, and this was supported by the opinion of the multiparae. Nausea and vomiting were significantly less with iethoxyflurane. Fifty per cent. nitrous oxide in oxygen given intermittently does not appear to be the best analgesic concentration. Nevertheless, since a considerable variation in sensitivity exists, it would probably be unwise to consider the introduction of higher concentrations for use by unsupervised midwives.
This trial confirms the predictions made by us using a method for screening inhalational analgesics, in which methoxyflurane and nitrous oxide were given continuously.
Introduction
A method of assessing obstetric analgesics which requires few patients showed that methoxyflurane had several advantages over trichloroethylene (Major et al., 1966) . The agents are administered continuously and the inhaled concentrations adjusted in order to maintain a balance between pain relief and excessive sedation. Because methoxyflurane and trichloroethylene have similar solubilities it can be assumed that these clinical differences will be present when the agents are given intermittently in the usual manner. Jones et al. (1969) (Major et al., 1967) or continuously. We cannot be sure that a prediction of drugs with such different solubilities in blood and tissue would be confirmed in practice. This trial therefore studies the agents administered intermittently.
The concentration of nitrous oxide in oxygen used was 50%, since this is the one recognized for use by unsupervised midwives. The optimum concentration of methoxyflurane for intermittent inhalation has been found to be 0 35% (Major et al., 1967) . These concentrations were therefore compared.
Method
Only normal deliveries were included in the trial. Those subjects who had received 'instruction in psychoprophylaxis or hypnosis were excluded. Other analgesic or sedative drugs were given by the midwife on her usual indications. The choice between nitrous oxide and methoxyflurane was made on a previously randomized basis. During the first stage of labour the midwives instructed the mothers to breathe from the mask during each contraction. During the second stage the mothers were told to take a few breaths from the mask before bearing down.
Apparatus.-Nitrous oxide and oxygen (50%) was given from the Entonox apparatus (accuracy ± 2 %) (B.O.C. Ltd.). Methoxyflurane was administered from a Penlon P.D.V. drawover vaporizer (Longworth Scientific Instruments Ltd.) with a Ruben one-way valve fitted to the outlet port. The vaporizer control was fixed to deliver 0-350 methoxyflurane, the calibration being checked at intervals by gas chromatography. The accuracy of this apparatus under different conditions of ventilation has been previously investigated (Major et al., 1967) .
The mask and hand-set were similar to those used for the ,Entonox.
Anaesthetist's Assessment.-The anaesthetist made a record of the responses of the mother to each contraction, of her level of consciousness during each contraction, and of the degree of restlessness between contractions according to a defined scale, described elsewhere (Major et al., 1966) . The percentage of the duration of inhalation for which each of the above factors was considered "satisfactory" and the proportion of time for which "all factors were simultaneously satisfactory" was calculated for each patient.
Opinions of Midwife and Mother.-At the end of the labour the opinions of the mother and the midwife were sought. The mothers were questioned again at 36 to 48 hours after delivery. Other relevant data were noted at these interviews.
Results Randomization
The trial included 50 mothers, half of whom received methoxyflurane and the remainder nitrous oxide. The mean age of the methoxyflurane patients was 24-1 years (S.D.+5-1) and of the nitrous oxide patients 26-5 years (S.D. + 7-2) Primiparous patients constituted 11 (44 %) of the methoxyflurane group and 9 (36%) of the nitrous oxide group. Pethidine was the only other analgesic used. It was administered to 16 (64%) of the methoxyflurane group and 17 (68 %) of the nitrous oxide group.
The progress of labour in the two groups was similar, though the first stage of labour was shorter in the nitrous oxide group. The mean duration of inhalation of methoxyflurane was 90-1 minutes (S.D. + 67 5) and is longer than that for nitrous oxide, which was 66-1 minutes (S.D.+39-2), but the difference is not statistically significant (P>0'1).
Anaesthetist's Assessment
Reaction to Contractions (Table I ).-The methoxyflurane patients were " satisfactory " for a significantly greater proportion of the time than those who had nitrous oxide.
Consciousness (Table I ).-No patients became unconscious during the trial. Mothers who were either " alert " or "drowsy " (but able to respond promptly to commands) were considered satisfactory. This state was present for a very high proportion of the time with both agents. Restlessness (Table I ).-Neither agent caused the patients to be restless between contractions.
All Factors Satisfactory (Tables I and 11 ).-The mean duration for which all factors were satisfactory for the methoxyflurane group was significantly higher than for the nitrous oxide group. When the distribution of the number. of patients for the percentage of time for which all factors were satisfactory is considered (Table II) Effect of Pethidine (Table III) .-In the nitrous oxide group there is no difference between those who received pethidine and those who did not. In the methoxyflurane group, however, there is a considerable difference in favour of pethidine (P<0O01). The reasons why the currently accepted concentration of nitrous oxide (50%) was chosen are not recorded, though this upper limit for nitrous oxide was probably imposed because this mixture of nitrous oxide and air causes a serious reduction of the inspired oxygen concentration. In a trial comparing concentrations of 50% to 80% nitrous oxide by self-administered inhalation, McAneny and Doughty (1963) suggested that the optimum analgesic concentration was 70%. They reported that this had proved safe in the circumstances of their trial. In our previous trial (Jones et al., 1969) , in which the agents were administered continuously, the mean concentration of nitrous oxide was 41-2 %, a similar value to that found by other investigators (Seevers et al., 1937; Moya, 1961) . If one assumes that complete or nearly complete equilibrium occurred between inspired and arterial blood concentrations, then the inhaled concentration required to attain a mean blood level of 41-2% under the conditions computed for intermittent inhalation would be 74% nitrous oxide (see Appendix). This agrees with the figure that McAneny and Doughty found in their clinical trial. Use of that concentration during intermittent administration, however, means that the average arterial tension might be equivalent to equilibrium with 18-5% nitrous oxide at the beginning of a contraction and up to 63 % nitrous oxide at the end of a contraction.
Because of the large individual variation in sensitivity to nitrous oxide that has been observed (Parkhouse et al., 1960; Parbrook, 1968 ; Jones et al., 1969) No difference between the mean levels of consciousness or restlessness has been observed with either of the agents in this trial. Both agents, however, are statistically better with respect to consciousness when given intermittently than when given continuously. Similarly, restlessness is significantly less pronounced with methoxyflurane in this trial than in the previous one, so that its incidence approaches the low level which was observed with nitrous oxide (Jones et al., 1969) . We believe this difference is due to the anaesthetist continuously adjusting the concentrations of the agents in the continuous trial to gain maximum analgesia with each agent, inevitably inducing occasional periods of excessive drowsiness. Our results confirm that both 50% nitrous-oxide/oxygen and 0 35% methoxyflurane are safe in these respects under conditions of intermittent administration. The opinions of the multiparae seem to confirm the anaesthetist's assessments. The midwives' opinions do not show any significant difference between the two drugs. This is probably accounted for by the greater alertness of both groups of mothers in this trial. In the case of methoxyflurane several midwives expressed the view that there was an increased degree of sedation which made it particularly suitable for mothers who had received no other pain relief or who were tense and nervous.
There is a slight though statistically insignificant difference between the two agents with regard to duration of labour and duration of inhalation. In both this trial and the previous ones the duration of inhalation constitutes a similar small proportion of the total duration of labour, and it is therefore unlikely that the duration of the first stage of labour has been influenced by either agent. Furthermore, there was no apparent change in the strength or frequency of contractions during inhalation. These observations also confirm the safety of both drugs in the concentrations chosen.
The administration of pethidine within four hours of beginning inhalation of nitrous oxide has no apparent effect on the reactions to contractions. Those who were given methoxyflurane with pethidine have fared better in this respect than those who had methoxyflurane alone (P<0 01). This is in contrast to the results of our earlier trials. It is, however, unjustifiable to interpret these results as necessarily indicating an interaction between pethidine and methoxyflurane, since, unlike the latter agent, pethidine was not given on a random basis. It had been given before admission of the patients to the trial on the decision of the midwife, so that these patients were a selected group. Although the precise bases for this selection are not absolutely clear, certain facts emerge. Severe distress on the part of the mother early in labour prompts the administration of pethidine, as does a prolonged labour.
The present trial was carried out largely in one hospital, whereas the original trial was conducted exclusively in another. It would appear that selection operated somewhat differently in the two trials, since, for instance, the mean duration between the last dose of pethidine and the beginning of inhalation of methoxyflurane was 154 8 minutes (S.D. + 62 2) in the first trial, compared with 104-2 minutes (S.D.+95-5) in the present one (P<0 1). No antiemetics were administered in the first trial, whereas most patients who received pethidine were also given an antiemetic in the present trial. There is no difference, however, between the number of patients who had antiemetics in the nitrous oxide and methoxyflurane groups. On the other hand, the difference between the trials might simply be a random occurrence due to the small size of the groups. We do not believe that the administration of pethidine has affected any of our other conclusions, but we intend to investigate this further.
